###### Strengths and limitations of this study

-   Time series study with over 7 years of data, with outcome measured quarterly.

-   Trend analyses and comparative interrupted time series adjust for hospital baseline readmission rate in 2008.

-   Two different definitions of safety net hospital tested.

-   Our analysis only examines the outcome of readmission rates and does not examine other important outcomes such as observation stays, emergency department visits, patient-reported outcomes or mortality.

Introduction {#s1}
============

As part of the Affordable Care Act (ACA) in April 2010, the US Congress passed the Hospital Readmission Reduction Program (HRRP).[@R1] Under HRRP, starting in October 2012, the Centers for Medicare and Medicaid Services (CMS) began financially penalising hospitals that perform worse than the national average on risk standardised readmission rates for Medicare patients.[@R1] To reduce readmission rates, hospitals are implementing programmes to improve transitions in care and engage community services.[@R2] This has been accompanied by a significant decline in readmission rates nationally.[@R4]

Despite these promising results, concerns have been voiced that HRRP would have the unintended consequence of worsening outcomes for the socially disadvantaged patients served by safety net hospitals.[@R7] There are two potential mechanisms by which HRRP may disadvantage safety net hospitals, adversely affecting the rate of improvement in readmission rates. First, safety net hospitals which care for a larger proportion of patients with low socioeconomic status (SES), may find it challenging or costly to address underlying socioeconomic reasons for readmissions, such as homelessness, lack of social support or medication non-compliance.[@R2] Second, because of their higher readmission rates,[@R4] safety net hospitals have been more likely both to be penalised and to face slightly higher financial penalties under HRRP.[@R7] These increased penalties may reduce resources to already financially strained institutions, inhibiting their ability to invest in effective transitions of care programmes, leading to less improvement in readmission rates. While a recent study found that safety net hospitals experienced larger declines in readmission rates for specific conditions when compared with non-safety net hospitals between 2013 and 2016, it also found that compared with other hospitals with similarly elevated readmission rates at baseline, safety net hospitals did no better.[@R17] However, this study did not adjust for baseline readmission rates in their analysis or examine the trends in the context of HRRP being passed in April 2010, which is the time of greatest decline in readmission rates.[@R6] It also did not determine whether these trends were affected specifically at the time that penalties were implemented as part of HRRP.

Therefore, given concerns for HRRP's potential effect on safety net hospitals' abilities to improve patient outcomes due to both the patients they treat and the financial penalties they face, we examined whether overall trends in 30-day, all-condition risk-standardised readmission rates at safety net and non-safety net hospitals have declined at similar rates from 2008 through 2015, taking into account their starting readmission rates. We also examined the quarter immediately after HRRP was passed as part of the ACA on 23 March 2010 and the quarter after the penalties were implemented on 1 October 2012 to see if readmission rate trends changed differentially among safety net and non-safety net hospitals.

Methods {#s2}
=======

Overview {#s2a}
--------

This was an observational study in which we linked over 7 years of Medicare claims to census data for included patients and American Hospital Association (AHA) information on hospitals. We used census data to classify patients as low SES using a composite of neighbourhood level indicators and then classified hospitals as 'safety net' according to whether they admitted disproportionally higher numbers of patients with low SES. We then used claims data to construct standardised readmission rates (SRRs) for each hospital in each calendar quarter of the study period. We used time series models to examine whether quarterly SRRs for safety net hospitals had different trends over time when compared with non-safety net hospitals, adjusting for baseline readmission rates in 2008. We then performed a comparative interrupted time series (ITS) analysis, examining the effect of HRRP on safety net hospitals compared with non-safety net hospitals at two different time points: the quarter including April--June 2010 and in the quarter including October--December 2012. In secondary analyses, we defined safety net hospitals based on proportion of Medicaid admissions.

Data sources {#s2b}
------------

Data were obtained from Medicare's administrative claims database from January 2008 through June 2015. This dataset includes hospitalisation data for fee-for-service (FFS) Medicare beneficiaries, including index admissions, readmissions and in-hospital comorbidity data from the CMS Inpatient Standard Analytic File. This dataset also includes enrolment, demographic and postdischarge mortality status from the Medicare Enrollment Database. We linked all patients to block level census data from the 2009 to 2013 American Community Survey based on their nine-digit zip codes. The American Community Survey is an ongoing statistical survey by the US Census Bureau.[@R18] To obtain hospital characteristics and Medicaid caseload, we linked each hospital to the 2008 AHA survey data using its Medicare Provider ID. Study was approved by Yale's IRB, Human Investigation Committee . Identifiable data used for this study were obtained through a data use agreement with the Centers for Medicare and Medicaid Services.

Study sample {#s2c}
------------

Our study sample was constructed to be consistent with the National Quality Forum endorsed Hospital-Wide (All-Condition) Risk-Standardised Readmission Rate measure (referred to as hospital-wide readmission measure) which CMS has been using since 2013 to publicly report each hospital's readmission rate for Medicare beneficiaries.[@R19] We included Medicare FFS beneficiaries aged ≥65 years, enrolled in Medicare Part A for at least 12 consecutive months, discharged alive from any non-cancer acute care hospital from January 2008 to June 2015. We included multiple index admissions per patient over the study period, excluding only admissions in which the primary diagnoses were psychiatric or cancer. In cases of transfers, as in the hospital-wide readmission measure, readmissions are attributed to the hospital that ultimately discharged the patient to a non-acute care setting. Additional inclusion and exclusion criteria were consistent with the publicly reported hospital-wide readmission measure.[@R19] In addition, we excluded those discharges for patients with invalid five-digit zip codes as we were unable to link them to the census data. We also excluded admissions to hospitals that were ineligible for HRRP. To ensure stable baseline rates for each hospital, we excluded hospitals that had fewer than 100 discharges in the base year 2008. To ensure stability of estimates, for each quarter we excluded hospitals that had fewer than 25 discharges during that quarter.

Safety net hospital definition {#s2d}
------------------------------

There are multiple definitions of safety net hospitals, which can identify different, non-overlapping hospitals, with no consensus on the best definition.[@R20] Due to this, we chose to use one primary definition, and in a secondary analysis use a different definition, based on a different data source.

We identified safety net hospitals based on the proportion of patients that had low SES in the baseline year of 2008. For our primary analysis, patient's SES was defined based on the validated Agency for Healthcare Research and Quality (AHRQ) SES index, adjusted for cost of living.[@R21] This index uses the following census data variables to create an index from 0% to 100%: unemployment, percent below US poverty line, median income, median value of owner occupied homes, percent with less than high school education, percent with at least 4 years college and percent of homes with crowding. We adjusted the variables median income and median value of owner occupied homes using the Bureau of Economic Analysis's Regional Price Parity adjustment[@R22] from 2008 to account for regional cost of living differences. We defined patients with low SES as those who live in a zip code with a SES index score in the lowest quartile of all zip codes.

We then calculated the proportion of patients with low SES among all patients admitted to each hospital for the base year of 2008. We defined safety net hospitals as those hospitals in the quartile serving the largest proportion of patients with low SES.

As a secondary analysis, we used a definition employed in previous research, defining safety net hospitals as any public hospital or any private hospital with an annual Medicaid caseload that is greater than 1 SD above the mean of its respective state's private hospital Medicaid caseload.[@R23]

Outcome {#s2e}
-------

We identified all unplanned readmissions within 30 days of hospitalisation using previously described algorithms.[@R19] We calculated a SRR for each hospital for each quarter. As with the hospital-wide readmission measure, in order to adjust for case-mix and service-mix at each hospital, we calculated SRRs obtained from five models for each of five distinct cohorts (cardiorespiratory, cardiovascular, neurology, surgery and medicine). Each of the five logistic regression models adjusted for age, sex, the admission diagnosis grouped by AHRQ Clinical Classification Software, and clinical comorbidities grouped by modified CMS-Condition Category. Unlike the hospital-wide readmission measure, each model was estimated using general estimating equations rather than random-effects models to account for clustering by hospital. We used all years of data to create each of the five cohort models. The beta coefficients from each of the five models were then used to calculate an expected probability of readmission for each discharge, and these, along with the observed number of readmissions, summarised over hospitals and quarters to calculate an observed over expected readmission rate for each of 5 the cohorts for each hospital for each quarter. We took the weighted arithmetic mean of the five cohorts for each hospital and each quarter, weighted by quarterly cohort volume, and multiplied this by the overall unadjusted readmission rate to obtain an SRR for each hospital for each quarter.

Statistical analyses {#s2f}
--------------------

We describe hospital characteristics including hospital size, urban/rural status, hospital ownership, hospital regional location and teaching status for all included hospitals by safety net status. We tested for differences between safety net and non-safety net hospital characteristics using Χ^2^ tests. We also summarised SRR by safety net status, and plotted mean SRR by quarter for each hospital type. Then, we estimated a mixed-effects linear regression model to assess whether safety net and non-safety net hospitals had different trends over time for the entire study period. We used the SRR as the dependent variable and included elapsed calendar quarter as a linear independent variable, safety net status as an indicator variable, the interaction of safety net status with calendar quarter and to account for the potential bias that hospitals starting at a higher readmission rate may decline more rapidly, we added the baseline 2008 SRR to adjust for the starting readmission rates; each model also included hospital as a random effect to account for correlation of quarterly rates within hospital. By testing if the interaction of safety net status and time was significant, we were able to use this model to assess whether safety net hospitals had different overall trends than non-safety net hospitals. As a sensitivity analysis, to assess whether hospital characteristics other than safety net status might account for any differences in readmission trends by safety net status, we replicated this model including hospital characteristics. We then performed a comparative ITS analysis, comparing the change in SRR for safety net hospitals compared with non-safety net hospitals at two distinct time points: (1) quarter 2, 2010, which is when directly HRRP was passed and (2) quarter 4, 2012, which is the first 3 months of HRRP's penalties. We then repeated all analyses using the secondary definition of safety net status.

Statistical analysis was done using SAS software system (SAS V.9.3) and Stata (Stata V.14.1).

Results {#s3}
=======

Cohort {#s3a}
------

The initial sample included 55 313 070 index admissions at 5131 hospitals from January 2008 to June 2015, eligible for the hospital-wide readmission measure.[@R19] After exclusions (see [figure 1](#F1){ref-type="fig"}), our final cohort comprised 52 516 213 admissions at 3254 hospitals.

![Cohort development of safety net and non-safety net hospitals. FFS, fee-for-service, HRRP, Hospital Readmission Reduction Program.](bmjopen-2017-016149f01){#F1}

Hospital characteristics {#s3b}
------------------------

Among the 25% of hospitals defined as safety net hospitals using the AHRQ SES index, the mean percent of patients with low SES served at safety net hospitals was 58.0% (15.3), whereas the mean percent was 17.1% (10.4) at non-safety net hospitals.

Safety net hospitals were more likely to serve a higher proportion of Medicaid patients, more likely to be small (\<100 beds), to be rural, to be either public or for-profit, to be located in the south, and to be non-teaching hospitals compared with non-safety net hospitals ([table 1](#T1){ref-type="table"}).

###### 

Baseline hospital characteristics for safety net and non-safety net hospitals

                                              Non-safety net\*   Safety net\*   p Value†
  ---------------------- -------------------- ------------------ -------------- ----------
  N                                           2457 (100.0)       797 (100.0)    
  \% Medicaid patients   ≤5%                  152 (6.2)          37 (4.6)       \<0.001
                         6%--10%              304 (12.4)         45 (5.6)       
                         11%--15%             448 (18.2)         90 (11.3)      
                         16%--20%             672 (27.4)         162 (20.3)     
                         21%--30%             679 (27.6)         258 (32.4)     
                         \>30%                152 (6.2)          183 (23.0)     
                         Missing              50 (2.0)           22 (2.8)       
  Beds                   6--24                63 (2.6)           29 (3.6)       \<0.001
                         25--49               214 (8.7)          128 (16.1)     
                         50--99               383 (15.6)         149 (18.7)     
                         100--199             662 (26.9)         235 (29.5)     
                         200--299             436 (17.7)         102 (12.8)     
                         300--399             271 (11.0)         59 (7.4)       
                         400--499             155 (6.3)          29 (3.6)       
                         500+                 223 (9.1)          44 (5.5)       
                         Missing              50 (2.0)           22 (2.8)       
  Teaching status        None                 1500 (61.1)        589 (73.9)     \<0.001
                         Major teaching       205 (8.3)          47 (5.9)       
                         Minor teaching       702 (28.6)         139 (17.4)     
                         Missing              50 (2.0)           22 (2.8)       
  Urban status           Rural                136 (5.5)          169 (21.2)     \<0.001
                         Urban                2271 (92.4)        606 (76.0)     
                         Missing              50 (2.0)           22 (2.8)       
  Ownership              Private non-profit   280 (11.4)         217 (27.2)     \<0.001
                         Private for profit   1666 (67.8)        319 (40.0)     
                         Public               461 (18.8)         239 (30.0)     
                         Missing              50 (2.0)           22 (2.8)       
  Region                 West                 459 (18.7)         129 (16.2)     \<0.001
                         Midwest              654 (26.6)         69 (8.7)       
                         Northeast            463 (18.8)         32 (4.0)       
                         South                830 (33.8)         502 (63.0)     
                         Missing              1 (0.0)            43 (5.4)       
  \% Low SES‡            Mean (SD)            17.1 (10.4)        58 (15.3)      \<0.001
                         Range                (0--57.6)          (38.3--100)    

\*Reported as number (per cent) except where noted for % low SES.

†χ^2^ test of independence across safety net hospitals.

‡SES, socioeconomic status.

Standardised readmission rates {#s3c}
------------------------------

We plotted the mean hospital-wide SRRs for each quarter for safety net and non-safety net hospitals ([figure 2](#F2){ref-type="fig"}). The mean SRR for safety net hospitals was 17.0% (SD 3.7) in the first quarter of 2008, decreasing to 13.6% (SD 3.6) by the second quarter of 2015. The mean SRR for non-safety net hospitals was 15.4% (SD 3.0) in the first quarter of 2008, decreasing to 12.7% (SD 2.5) by the second quarter of 2015. The absolute difference in the mean SRR between the two types of hospitals was 1.6% (95% CI 1.3 to 1.9) in the first quarter of 2008 and was 0.5% (95% CI 0.7 to 1.2) in the second quarter of 2015, a 43% relative reduction in the gap between safety net hospitals and non-safety net hospitals.

![Quarterly standardized readmission rates for safety net hospitals and non-safety net hospitals from January 2008 through June 2015 defined using hospital's proportion of patients with low SES. HWR, hospital-wide readmission; SES, socioeconomic status.](bmjopen-2017-016149f02){#F2}

Difference in trends {#s3d}
--------------------

The decline in SRR was significantly greater among safety net hospitals than among non-safety hospitals: 0.03 percentage points per quarter (95% CI 0.03% to 0.02%, p\<0.001). This result was unchanged after adjustment for hospital characteristics: 0.03 percentage points per quarter (95% CI 0.03% to 0.03%, p\<0.001).

Comparative ITS results {#s3e}
-----------------------

The comparative ITS analyses revealed that for hospitals overall, the SRR declined significantly after the second quarter of 2010 and again after the final quarter of 2012 (absolute change of −0.17 (−0.24 to --0.09) p\<0.001 and −0.22 (−0.30 to --0.14) p\<0.001, respectively). However, when examining the interaction of the decline at this time and safety net status of the hospital, the decline in SRR for safety net hospitals was not significantly different from the decline in SRR for non-safety net hospitals when comparing their two trends at those times: Q2 2010 (absolute difference of 0.02 (−0.13 to 0.18) p=0.76), or Q4 2012 (absolute difference −0.01 (−0.18 to 0.15), p=0.88).

Secondary analysis with alternative safety net hospital definition {#s3f}
------------------------------------------------------------------

In our secondary analyses defining safety net status using Medicaid caseload we plotted the SRR by safety net status ([figure 3](#F3){ref-type="fig"}). We found that the absolute difference in the mean SRR between safety net and non-safety net hospitals decreased from 0.56% (95% CI 0.29 to 0.83) in the first quarter of 2008 to 0.11% (95% CI −0.12 to 0.36) in the second quarter of 2015, a 80% relative reduction in the gap between the two types of hospitals. In our linear time series analysis, we similarly found that there was a greater decline in SRR for safety net hospitals compared with non-safety net hospitals, but by a smaller amount: 0.01 percentage points per quarter (95% CI 0.02 to 0.01, p\<0.001). This again held true after adjusting for hospital characteristics: 0.01 percentage points per quarter (95% CI 0.02 to 0.01, p\<0.001)

![Quarterly standardised readmission rates for safety net hospitals and non-safety net hospitals from January 2008 through June 2015 defined using Medicaid caseload. HWR, hospital-wide readmission.](bmjopen-2017-016149f03){#F3}

Similarly, we found that the SRR declined significantly after April 2010 and again after October 2012 among all hospitals. However, using this definition of safety net status, the comparative ITS showed that after HRRP was passed in April 2010, the SRR for safety net hospitals declined more by an absolute value of −0.21 (−0.38 to --0.05; p=0.009). There was no significant difference in decline after HRRP was implemented in October 2012 (absolute difference of −0.05 (−0.22 to 0.12), p=0.56).

Discussion {#s4}
==========

Our study shows that during the era of HRRP, risk-standardised readmission rates declined more rapidly at safety net hospitals than at non-safety net hospitals after accounting for their baseline readmission rates, by an additional 0.03 percentage points per quarter over the study period 2008--2015, attenuating the gap in performance between safety net and non-safety net hospitals. This more rapid decline was found using two different definitions of safety net hospitals and remained after adjusting for key hospital characteristics. These results indicate that the gap in performance between safety net and non-safety net hospitals has narrowed over the years spanning HRRP's enactment and implementation.

Because HRRP may have influenced the change in readmission rates differently specifically when it was passed or when penalties were implemented, we used comparative ITS to examine the impact of these two events on the differential drop in readmission rates between the two types of hospitals. Our results showed that while these differences declined steadily over the study period, they did not have a significantly different rate of change associated with either event. This again suggests that the penalties did not inhibit safety net hospitals' abilities to improve readmission rates compared with non-safety net hospitals.

Our study adds to the results of a recent study by Carey and Lin in several important ways. We show that hospital-wide readmission rates are declining faster for safety net hospitals compared with non-safety net hospital in addition to the condition-specific readmission rates shown by Carey and Lin.[@R17] In addition, our study uses patient-level data to build a single model to obtain the standardised readmission rates each quarter, rather than using the reported standardised readmission results created from different models each year. By using this patient-level model, we were able to examine the trends over time, after adjusting for the baseline readmission rate in the first year, and to show that over the study period, there was indeed a greater drop for safety net hospitals compared with non-safety net hospitals that was not only due to higher baseline readmission rates. We also were able to examine the readmission rate trends and effects over the time periods spanning the passing of HRRP and the implementation of the penalties, showing a steady decline over the entire time period, without specific drops when HRRP was passed or penalties were implemented.

There are several possible reasons why the difference in readmission rates between safety net hospitals and non-safety net hospitals narrowed steadily over our study period. First, safety net hospitals may care for a larger proportion of patients whose readmissions could be avoided by quality improvement and care transitions programmes that have been shown to be effective, such as improving discharge instructions and ensuring closer outpatient follow-up.[@R24] Second, safety net hospitals may have had better connections to their communities and the primary care networks that serve their patients, improving their ability to implement coordinated programmes to reduce readmissions. Lastly, the administrators at safety net hospitals, knowing they had higher readmission rates and would face more penalties, may have been more likely to focus on or invest more in improving their readmission rates.

Though these early results are promising, they should be viewed with caution. Patients discharged from safety net hospitals are still more likely to be readmitted within 30 days than those discharged from non-safety net hospitals, although the difference is now less than one percentage point. Additionally, this study does not assess unintended consequences of readmission reduction efforts, such as inappropriately diverting patients to emergency or observation care. A recent study by Zuckerman *et al* found no correlation between change in readmission rate and change in observation-service use, but studies have not been done specifically in the safety net hospital population.[@R6] Another potential unintended consequence would be diversion of resources from other important quality and safety initiatives to readmission efforts. There is evidence that mortality has not increased with the nationally declining readmission rate overall,[@R4] but we do not know if there has been a differential effect in safety net hospitals compared with non-safety net hospitals. We also do not know if a potentially disproportionate amount of resources to reducing readmission rates are being spent at safety net hospitals, which could potentially threaten financial margins with downstream effects such as closures or not having funds to invest in other initiatives.

Our study has several additional limitations. First, for our primary analysis, the definition of safety net hospitals uses a neighbourhood indicator---the AHRQ SES index---to identify patients with low SES, and is not a direct measure of patients' income, wealth, education or other measures of SES. This index, however, is validated for Medicare patients and importantly comprised multiple SES characteristics not otherwise available in administrative data.[@R21] In addition using this definition, more safety net hospitals are identified that are small, rural and located in the South, due to the concentration of poverty in this part of the country. To address this limitation, we also performed a secondary analysis using Medicaid status as a marker of low SES, which is a patient-specific marker. We identified hospitals with significantly higher Medicaid caseloads within each state, mitigating the likelihood that one region of the country would be over-represented. Results were similar and our results are also similar to those of a recent study which showed narrowing of disparities in readmissions for safety net hospitals using a definition based on the patients with Supplemental Security Income.[@R17] Another limitation specific to the ITS at the 2010 time point is that the passing of HRRP occurred simultaneously with the recovery audit contractor programme, under which short stay payments were rescinded. It is possible that this programme affected payments to safety net versus non-safety net hospitals differently. However, it is known that readmissions would be less likely to be affected by this policy, as those stays are more likely to be longer. Additionally, this would not affect the overall results of narrowing disparities, only the potentially causal effect at the time point of 2010. Finally, our study only examines disparities in readmission rates between safety net hospitals compared with non-safety net hospitals. It is possible that HRRP has had different effects on outcomes within hospitals.

This study does not directly answer the currently debated policy question of whether the readmission measure should be risk-adjusted for SES. However, a central argument for SES risk-adjustment is that without adjustment, safety net institutions will be unfairly penalised and that patients served at these institutions may suffer. This study demonstrates that caring for socially disadvantaged patients does not interfere with a hospital's ability to reduce the risk of readmission. In fact, those hospitals serving the largest proportion of patients with low SES have been more successful at reducing readmissions than non-safety net hospitals. Readmission rate, however, is only one outcome and further studies will be needed to assess HRRP's effect on further patient-centric outcomes of mortality, patient satisfaction, emergency department visits and observation stays as well as its effect on potential hospital closures that would limit care.

Conclusion {#s5}
==========

We found that while safety net hospitals had higher readmission rates than non-safety net hospitals at baseline, their readmission rates have declined more rapidly since HRRP, reducing the disparity gap in readmission rates for patients treated at safety net hospitals. Our study suggests that HRRP has been effective at improving readmission rates for all patients and decreasing disparities for patients served at safety net hospitals.
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